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Highlights 
 The development of a polyclonal antibody specific for dugong immunoglobulin. 
 Characterisation of immunoglobulin levels in a wild dugong population. 
 The relationship between dugong health parameters and immunoglobulin is shown.  
Abstract 
Species-specific antibodies (Ab) for the measurement of immunoglobulins (Ig) are valuable tools 
for determining the humoral immune status of threatened and endangered wildlife species such as 
dugongs.  However, no studies have reported antibody reagents against dugong immunoglobulin.  
The object of this study was to develop an Ab with specificity for dugong IgG and apply this tool to 
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survey total IgG levels in plasma samples from a live wild population of dugongs in southern 
Queensland, Australia. Dugong IgG was isolated from plasma by protein A/G column 
chromatography and a polyclonal antiserum was successfully raised against the dugong IgG 
through immunization of mice.  The anti-dugong antiserum was reactive with dugong serum but not 
immunoglobulin from other species such as rats and humans.  When tested against a panel of 
dugong plasma samples, relative IgG levels from dugongs (n =116) showed biologically relevant 
relationships with pregnancy status and a principal component of Body Mass Index (BMI) / 
globulin / fecal glucocorticosteroid (chronic stress) levels combined, which together accounted for 
9.2 % of the variation in total Ig levels.  Together these data suggest that dugongs show variation in 
total IgG and that this correlates with some physiological parameters of dugong health. 
Keywords: immunoglobulin; dugong; antibody 
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1. Introduction  
Immunoglobulins (Ig) are antibodies secreted by B cells as part of the adaptive humoral 
immune response to invading pathogens (Murphy, 2012). Of the five major classes of 
immunoglobulins, IgG is the most abundant in the blood of mammals, functioning to neutralize 
pathogens, activate the complement system and tag microbes for destruction by phagocytic cells 
(Nimmerjahn and Ravetch, 2008).  It is also the earliest form of immune protection provided 
maternally to the developing fetus (Borghesi et al., 2014).  Alterations in total IgG levels in 
mammals are generally associated with severe immunoglobulinopathies but can also be due to 
physiologically stressful conditions (Stone and Bovbjerg, 1994; Al-Busaidi et al., 2008; Mishra et 
al., 2011). Deficiencies in IgG levels are most concerning, as these can result in increased 
susceptibility to infection (Agarwal and Cunningham-Rundles, 2007).  
Environmental factors may also cause declines in IgG levels in mammals and these may 
include exposure to persistent organic pollutants (Bernhoft et al., 2000; Hultman and Michael 
Pollard, 2015) or a combination of seasonally related nutritional and environmental stressors 
(Johnson et al., 1995; Nelson and Drazen, 2000; Al-Busaidi et al., 2008). However, immune effects 
may differ depending on type and magnitude of environmental stressor, e.g., heavy metal exposure 
(Rosenberg et al., 1985; Mecdad et al., 2011; Mishra et al., 2011).  Whilst IgG levels are not greatly 
affected by nutritional stressors once adult levels are attained, during the neonatal stages of life, IgG 
levels are important indicators of malnutrition or nutritional stress that can affect immunity 
(Sandberg et al., 2000). Adequate nutrients and IgG from maternal colostrum during neonatal stages 
are essential for protection from disease and for survival, as has been observed in horses (Barton et 
al., 2006), sheep (Nowak and Poindron, 2006) and cows (Waldner and Rosengren, 2009). However, 
under nutritional stress, an increase in IgG in neonates is not necessarily a sign of improved overall 
immunity. In Iberian red deer, nursing calves under nutritional stress had elevated levels of IgG not 
as a result of poor body condition or high infection, but possibly as a result of compensation for a 
decline in innate immunity and warding off subclinical infection (Landete-Castillejos et al., 2002).  
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In wild marine mammals, IgG levels have been studied far less than in humans and in other 
terrestrial mammalian species, and IgG related disorders are not well defined (King et al., 2001; 
Ross and De Guise, 2007). However, IgG appears to play a particularly important role in neonatal 
health and survival in several marine mammal species. In wild marine mammal populations, low 
IgG is generally observed in lactating females and neonates of various seal species (King et al., 
1994; Ross et al., 1994), killer whales (Orcinus orca) and sea otters (Enhydra lutris) (Taylor et al., 
2002) and in an orphaned Florida manatee (Trichechus manatus latirostris) (McGee, 2012). Thus, 
during reproductive and certain developmental life stages, marine mammals may be particularly 
vulnerable to infection.  
It is not clear how various environmental stressors including pollutants (Ylitalo et al., 2005; 
Martineau, 2007), biological pathogens (Jessup et al., 2004; Miller et al., 2008) and loss of food 
supply (Rosen and Trites, 2000; Atkinson et al., 2008) affect total IgG levels in adult marine 
mammals (King et al., 2001). However, a negative correlation between IgG and organochlorine 
levels has been observed in adult polar bears (Ursus maritimus) suggesting the possibility of 
increased susceptibility to infection after contamination (Bernhoft et al., 2000; Lie et al., 2004). 
Adult Atlantic bottlenose dolphins (Tursiops truncatus) and Florida manatees in captive care have 
shown lower IgG levels compared to wild populations possibly due to relatively lower exposure to 
pathogens in the controlled environment (Ruiz et al., 2009; McGee, 2012). Further, in wild 
manatees, IgG levels were relatively higher in groups exposed to coastal flood events and while 
taking winter refuge amongst the warm water discharges of a power plant, possibly as a result of 
increased antigenic exposure from coastal pollutants (McGee, 2012). Manatees taking refuge at 
power plant discharge sites during cold winters may also be exposed to sub-optimal water 
temperatures (< 20° C) at times, leading to higher incidences of cold stress (Bossart et al., 2003) 
and this may also contribute to higher IgG levels (McGee, 2012). Nutritional stress and resultant 
changes in IgG levels in manatees have not been reported. Further study is needed to understand 
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how total IgG levels may be affected by the various environmental stressors to which marine 
mammals are exposed (King et al., 2001; Ross and De Guise, 2007).   
IgG levels have not been measured previously in dugongs and how their levels may be 
affected by life history variables and environmental stressors is not known. In southern Queensland 
Australia, dugongs in Moreton Bay are located in close proximity to a capital city (Brisbane) and 
major shipping port. There is a threat of terrigenous runoff including industrial and agricultural 
pollutants, which may or may not affect the dugongs’ seagrass habitats located several kilometres 
offshore (Lanyon et al., 2002; Chilvers et al., 2005). These dugongs are also located at the southern 
limit of their range and may be exposed to seasonal declines in water temperature and reduced 
forage (Lanyon, 2003; Lanyon et al., 2005), which can affect chronic stress levels (Burgess et al., 
2013). Further, extreme weather events may also affect dugongs indirectly through degradation of 
their seagrass habitat; for example, the catastrophic flood event in Queensland in summer 2010-
2011 resulted in the confirmed stranding of 240 dugongs although the number indirectly attributed 
to the actual flood event through malnutrition is uncertain (Meager and Limpus, 2012). Evaluation 
of total IgG levels in relation to this event and other factors is warranted, and will help improve our 
understanding of total IgG as a health biomarker. 
Prior to this study no species-specific antibodies existed for dugongs.  To assess the relative 
IgG levels in an Australian population of wild dugongs and interrogate possible associations with 
other health parameters, we have generated a polyclonal antibody against dugong IgG.  Our study 
shows variability within total dugong IgG levels and a relationship between IgG level and life 
history/physiological parameters.   
2. Methods 
2.1 Sample Collection 
Serum and plasma samples were collected during annual out-of-water health assessments of 
dugongs in Moreton Bay, Queensland Australia (latitude 27° 20.09' to 27° 24.87' S; longitude 153° 
21.26' to 153° 23.84' E) from 2008 to 2014 (Lanyon et al., 2010, 2012, 2015). Health assessments 
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were also conducted in Hervey Bay, 300 km to the north (latitude 25° 12.05' to 25° 13.62' S; 
longitude 152° 38.60' to 152° 39.89' E) in 2011. Health assessments occurred in late autumn to 
early winter in all years. In 2012, samples were also collected in spring. Blood samples were 
collected from dugongs of both sexes and all size classes except dependent calf and attendant cow 
(Burgess et al., 2012a). Blood was collected from the brachial arteriovenous plexus of the pectoral 
flipper via a 21 gauge needle connected to a 20 cm extension set and luer-fitted Vacutainer® collar 
(BD, Becton Dickinson, Franklin Lakes, New Jersey 07417, USA) into 10 ml red top clot activator 
(for serum) and 10 ml green top lithium heparin (for plasma) BD Vacutainer® tubes. Serum and 
plasma were stored at -80 °C. Blood was also collected into 4 ml lavender top EDTA tubes and sent 
to IDEXX Laboratories Brisbane for same day hematological analysis. Apparent health of dugongs 
was classified on a five point scale (poor, fair, good, very good, excellent) based on general body 
appearance, body girths (fatness or emaciation as evidenced by bony protuberances such as spinal 
processes), skin condition (including structural integrity of epidermis, scarring and barnacle load) 
and overall demeanor (after Lanyon et al., 2010, 2015). Whilst on deck, dugongs were sexed and 
females examined by ultrasound for possible pregnancy (after Lanyon et al., 2010, 2015). Twelve 
pregnant dugongs were identified within the cohort.  Fecal samples were collected for 
endocrinology to determine reproductive maturity (sub-adult or adult), and to confirm pregnancy 
status of females ( Burgess et al., 2012a, 2012b), and for chronic stress levels via fecal 
glucocorticoid metabolite (fGC) measurement (after Burgess et al., 2013). Straight body length 
(snout to fluke notch, cm) was taken with the dugong lying in a prone position on deck, and girths 
were measured at each of axilla, maximum, anal and peduncle positions. Prior to release, each 
dugong was weighed to the nearest 0.5 kg in a suspended stretcher (Lanyon et al., 2010). Health 
assessments were conducted under The University of Queensland Animal Ethics Permit no. 
ZOO/ENT/344/04/NSF/CRL, Moreton Bay Marine Parks Permit no. QS2004/CVL228 and 
QS2008/CVL228, and Scientific Purposes Permit no. WISP01660304 and WISP14654414.  
2.2 Isolation of dugong IgG  
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Serum (500 µL) from a field-captured, apparently healthy adult male dugong was applied to protein 
A/G binding columns (Thermo Scientific™ Nab Protein A/G Spin Kit # 89950, Pierce 
Biotechnology, Rockford, IL, USA) typically used for the isolation of mammalian IgG (Kania et 
al., 1997; Nollens et al., 2007). Dugong serum was passed through the protein A/G column, and 
IgG-containing fractions were eluted as per the manufacturer’s instructions. The flow-through of 
unbound dugong serum and three consecutive IgG elution fractions were collected and stored at -20 
°C.  
2.3 Production of mouse anti-dugong IgG polyclonal Ab (dugong IgG Ab) 
The concentration of dugong IgG from each of three consecutive IgG elution fractions was 
estimated with a NanoDrop Lite spectrophotometer at 280 nm (Thermo Scientific™, Pierce 
Biotechnology, Rockford, IL, USA) using the mass extinction coefficient for IgG.  Purified dugong 
IgG (100 µg) diluted in phosphate buffered saline (PBS) was mixed with 20 µg of Quil-A® 
adjuvant (Brenntag Nordic A/S, Frederikssund, DK) for immunization. Three mice were each 
immunized on Day 0 and again on Day 24 and then two weeks later were terminally bled from the 
heart, with serum stored at -20 °C.  Albumin reactivity of the mouse anti-dugong Ig serum was 
removed in a two-step process.  Firstly, dugong serum was applied to an albumin depletion column 
(ProteaPrep Albumin Depletion Sample Prep Kit, Proteabio, Morgantown, WV, USA) according to 
manufacturer’s instructions to enable binding of dugong albumin to the column.  After washing the 
column with PBS, mouse anti-dugong Ig serum (1/8 dilution in PBS) was applied to remove any 
anti-dugong albumin antibodies from the mouse antiserum.  The eluate was then collected and used 
in subsequent experiments.       
2.4 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
IgG protein bands were assessed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) (Gallagher et al., 2001). Briefly, all samples were analyzed alongside a pre-stained 
protein ladder (Page Ruler™, Thermo Scientific™ Pierce Biotechnology, Rockford, IL, USA) on a 
10 % separation gel, under reducing conditions (2-mercaptoethanol) using the Bio-Rad Mini 
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Protean 3 electrophoresis system (Bio-Rad Laboratories, Inc., CA, USA). Protein bands were 
stained with Coomassie Blue and visually assessed for their molecular weights via the protein 
ladder. 
2.5 Western Blot 
Western Blots were performed to assess binding capacity of the polyclonal mouse anti-dugong IgG 
Ab to dugong serum IgG (Gallagher et al., 2001). To perform the Western Blot, SDS-PAGE treated 
dugong serum sample components (10 µL/lane of a 1/10 dilution of serum) were electrophoretically 
transferred to a nitrocellulose membrane (#HATF00010, Merck Millipore™, Merck KGaA©, 
Darmstadt, DEU). The membrane was treated with anti-dugong IgG serum (1/1000 dilution) 
followed by a conjugated goat anti-mouse IgG horseradish peroxidase (HRP) (1/3000 dilution) 
(#F21453, Invitrogen Corp., Carlsbad, CA, USA) and developed with 3, 3’, 5, 5’-
Tetramethylbenzidine (TMB) (#34080, Thermo Scientific™, Pierce Biotechnology, Rockford, IL, 
USA).  The western blot was imaged using a Fusion SL Chemiluminescent System (Vilber 
Lourmat, Marne-la-Vallée, FRA).  
2.6 Enzyme-linked immunosorbent assay (ELISA) 
Plasma IgG levels and species crossreactivity reported in this study were measured by ELISA 
(Hornbeck et al., 2001).  
To determine species cross reactivity of the anti-dugong Ig anti-serum, wells of a 96 well plate 
(Nunc MaxiSorp® 96-well plate (Thermo Fisher Scientific Inc., Rochester, NY, USA) were coated 
in duplicate (0.25 µg Ab/well) with purified IgG Ab from each of Armenian hamster (#16-4888-81, 
eBioscience San Diego, CA, USA), rabbit (#STAR48, AbD Serotec, Oxford, England, UK), rat 
(#553445, Becton, Dickinson & Co., Franklin Lakes, NJ, USA) and  goat (#0109-01, Southern 
Biotech, Birmingham, AL, USA) with ovalbumin (#A5378, Sigma-Aldrich, St. Louis, MO, USA),  
and PBS with 5% foetal bovine serum (FBS) as negative controls.  Diluted dugong serum (10-3) 
was used as a positive control.  After washing and blocking plates with PBS+5% FBS, mouse anti-
dugong Ig antiserum was added (1/1000 in blocking solution) followed by further washing and 
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addition of goat anti-mouse IgG antibody HRP (0.025µg/well).  The plate was again washed and 3, 
3’, 5, 5’-tetramethylbenzidine (TMB) substrate was used to develop the plate for 5 min according to 
the manufacturer’s instructions (#421101, Biolegend, Inc., San Diego, CA, USA).  Absorbance was 
measured by a Multiskan™ FC microplate photometer with photometric filters set at 450 nm and 
550 nm.  A final absorbance for each sample well was calculated as [sample absorbance at 450 nm 
minus sample absorbance at 550 nm] minus [background absorbance at 450 nm minus background 
absorbance at 550 nm] using SkanIt™ software, and reported as optical density (OD) (Thermo 
Fisher Scientific Inc., Rochester, NY, USA).  Background absorbance was determined from a blank 
well.   
For determination of dugong plasma Ig levels, sample wells were coated in duplicate or triplicate 
overnight at 4 °C with dugong plasma or control samples diluted in piperazine-N, N-bis (2-
ethanesulfonic acid) (PIPES buffer), at a volume of 50 µL/well. After incubation, the plate was 
washed with phosphate buffered saline (PBS) and 0.05 % Tween® 20 (PBST 0.05 %) (Sigma-
Aldrich, St. Louis MO, USA). The plate was then blocked at room temperature for at least 1 h with 
PBS and 5 % bovine serum albumin (5 % BSA) at a volume of 200 µL/well. The plate was again 
washed before mouse anti-dugong IgG serum diluted in 5 % BSA was added at a volume of 50 
µL/well, and incubated at room temperature for 1 h. After incubation, the ELISA plate was washed 
and a goat anti-mouse IgG horseradish HRP (#F21453, Invitrogen Corp., Carlsbad, CA, USA) was 
added at a concentration of 0.025 µg/well, and incubated at room temperature for 1 h. The plate was 
again washed and 3, 3’, 5, 5’-tetramethylbenzidine (TMB) substrate was used to develop the plate 
for 5 min according to the manufacturer’s instructions (#421101, Biolegend, Inc., San Diego, CA, 
USA).  Absorbance was measured by a Multiskan™ FC microplate photometer with photometric 
filters set at 450 nm and 550 nm. A final absorbance for each sample well was calculated as [sample 
absorbance at 450 nm minus sample absorbance at 550 nm] minus [background absorbance at 450 
nm minus background absorbance at 550 nm] using SkanIt™ software, and reported as optical 
density (OD) (Thermo Fisher Scientific Inc., Rochester, NY, USA).  Background absorbance was 
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determined from a blank well.   A plasma sample from a single dugong was included on all plates to 
standardize for plate to plate variation in the development of samples.  This provided a relative 
plasma IgG value for each dugong tested.  
2.7 Data analysis 
Plasma IgG reference intervals for the dugong were established using Reference Value Advisor© 
(RefVal), version 2.1 (National Veterinary School of Toulouse, Toulouse, Haute-Garonne, FRA). 
All other data analyses were conducted using the software STATISTICA©, version 12.5 (StatSoft, 
Inc., Tulsa, OK, USA). Suspect outliers identified by Ref Val were removed and an adjusted plasma 
IgG reference interval was reported. The range of dugong IgG values in the population was visually 
assessed for normality of distribution via histogram and it was determined that Box-Cox 
transformation of data was necessary for statistical analysis (data not shown).  
Box-Cox transformed plasma IgG values were assessed in relation to independent 
categorical and continuous variables in a General Linear Model. Categorical variables were sex 
(male, female), size (sub-adult, adult), years (2008-2014), body condition (good-excellent, poor-
fair) and pregnancy status (pregnant females, non-pregnant females, males). White blood cell 
(WBC) count, heterophils, neutrophils, eosinophils, lymphocytes (Woolford et al., 2015)), fGC 
levels (Burgess et al., 2013)  and Body Mass Index (BMI) were included as continuous variables.  
BMI was calculated according to the formula BMI = (total mass/total lengthb) x 10000 
Where total mass was dugong weight (kg), total length was straight body length (cm), the exponent 
value of b was determined by non-linear quantile regression (best curve linear fit) of total mass 
versus total length.  BMI is an overall indicator of nutritional body condition with underweight 
individuals relative to their length being in poorer body condition (Harwood et al., 2000; Hammill 
et al., 2011; Hart et al., 2013).    
 The continuous variables were then reduced to a smaller number of representative and 
uncorrelated variables in the General Linear Model, by Principal Components Analysis (PCA). 
Significant principal components (PC1, PC2, PC3) were determined by eigenvalues that were ≥ 1.  
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To determine which variables may be influencing dugong IgG values, factor scores from the 
significant principal components were then assessed with categorical variables in a forward 
selection stepwise regression with Box-Cox IgG as the dependent variable. The F-to-enter value 
was set at 1 and the F-to-remove was set at 0. Significance was determined at p < 0.05. Statistical 
significance identified by the stepwise regression model was based on dimensionality reduction by 
PCA and collective analysis of the significant predictive variables in relation to IgG levels. It is 
understood that these variables may not necessarily be statistically significant when extrapolated 
into individual analyses.  
3. Results 
3.1 Development of a mouse antiserum against dugong immunoglobulin  
To develop a mouse antibody against dugong immunoglobulin we first needed to purify dugong 
IgG from serum samples. This was accomplished by applying dugong serum to a protein A/G 
column. The eluted column protein fractions obtained were subject to SDS-PAGE to visualize the 
purification process.  The first and second dugong IgG elutions from protein A/G affinity columns, 
showed protein bands of 55 kDa and 30 kDa, equivalent to the approximate molecular weight of 
immunoglobulin heavy and light chains respectively (Fig. 1A).  Subsequently, these two fractions 
were combined to maximize IgG concentration and used to immunize mice to generate a polyclonal 
mouse serum. The polyclonal anti-dugong IgG Ab was then tested for reactivity in a Western Blot 
analysis against electrophoresed dugong serum. Western Blots of dugong serum probed with the 
anti-dugong IgG serum initially showed major bands at 55 kDa and 30 kDa (equivalent to bands 
detected for mouse IgG probed with anti-mouse IgG antibody on the same blot) with a further band 
at 70 kDA (Fig. 1B, left panel), the latter band corresponding to the known molecular weight of 
albumin (after Weber and Osborn, 1969).   Consequently, the isolation of dugong IgG by column 
chromatography likely included some minor contamination with highly immunogenic dugong 
albumin, which may have been residually present in the eluted dugong IgG fractions.  To remove 
anti-albumin antibody reactivity, the mouse anti-dugong IgG serum was applied to a second column 
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containing bound dugong albumin.  The eluted anti-dugong Ig serum from this albumin column was 
depleted of albumin reactivity (70 kDa band) but retained binding to the 55 kDa protein band (IgG 
heavy chain). The 30 kDa band (MW of light chain band) was visibly reduced (Fig. 1B, right 
panel). This depleted, mouse anti-dugong IgG serum was used for all further assays in the study. 
3.2 Mouse-anti dugong IgG Ab species specificity results 
To test for species specificity, the anti-dugong IgG serum was tested against hamster, rabbit, rat, 
goat Ig and dugong serum (the latter as a positive control) and confirmed Ab binding specificity for 
dugong serum alone (Fig. 2).   Dugong serum reacted strongly with the mouse anti-dugong IgG Ab 
but did not react to the secondary goat anti-mouse IgG HRP Ab alone. The anti-dugong IgG Ab did 
not bind to rabbit or goat Ig nor to a non-specific protein control of ovalbumin.  Reactivity to 
hamster and rat Ig could not be assessed due to the cross reactivity of the secondary conjugate Ab 
alone with both of these immunoglobulins (Fig. 2).  
3.3 Optimization of ELISA to detect dugong immunoglobulin in dugong plasma samples 
To determine the dilution of mouse anti-dugong IgG serum appropriate for measuring plasma IgG 
levels in individual dugongs, an ELISA was conducted with serial dilution of anti-dugong IgG 
serum against plate-bound serum dilutions from an apparently healthy adult male dugong (Fig. 3A).  
The anti-dugong IgG showed saturated binding to dugong serum at a dilution of 10-2 and 10-3, while 
a 10-4 dilution showed a reduced binding i.e., not saturating.  Consequently, a saturating dilution of 
1/800 was chosen for the anti-dugong IgG serum detection reagent for subsequent assays. To 
distinguish the dilution of dugong plasma that would enable detection of differences in plasma IgG, 
a titration of randomly chosen dugong plasma samples were applied to the ELISA plate (Fig. 3B).  
It was determined that a dugong plasma dilution of 10-5 (near the midpoint of the curve) would 
allow for both higher and lower plasma IgG levels to be detected in screening of a larger cohort of 
animals.   
3.4 Variation in plasma IgG across a dugong population 
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Plasma IgG Optical Density (OD) values were determined for a total of 116 live wild dugongs from 
south-east Queensland. This dugong cohort had body lengths that ranged from 184 cm to 259 cm 
for sub-adults, and 261 cm to 309 cm for adults (after Lanyon et al., 2015). Reproductive maturity 
(adults versus sub-adults) was confirmed by fecal endocrinology (Burgess et al., 2012a, 2012b). 
The cohort comprised 58 males and 58 females. 110 of the 116 dugongs were in good to excellent 
body condition; the remainder in poor to fair. Dugongs were sampled in late autumn (n=35), early 
winter (n=74) and spring (n=7).  Sample size in Moreton Bay (MB) per year was n= 13 in 2008, n= 
14 in 2009, n= 20 in 2010, n= 16 in 2011, n= 8 in 2012, n= 19 in 2013, n= 13 in 2014. Sample size 
for Hervey Bay (HB) was n= 13, in 2011 only.  
Total mean (± SD) plasma IgG OD value for dugongs was 1.47 (± 0.42), and ranged from 
0.23 to 2.12 (n= 116). A frequency distribution histogram of IgG levels was skewed towards the 
upper end of the range (Fig. 4A). Five dugongs with low outlier values for plasma IgG OD were 
identified despite having normal health parameters (Fig. 4A). The adjusted mean IgG OD value 
(excluding outliers) for n= 111 dugongs was 1.52 (± 0.35), and values ranged from 0.59 to 2.12. For 
the purpose of statistical analyses, all IgG values were subsequently Box-Cox transformed to 
provide a normal distribution of data (not shown).  
Six dugongs in poor to fair body condition had plasma IgG OD values of 0.59 to 1.76, i.e., 
within the apparent normal range (Table 1). All leukocyte differentials for this group were normal, 
except for one dugong that had an eosinophil count of zero (see Woolford et al., 2015). Of these six 
dugongs, five were sampled four months after the 2010-11 Queensland flood: three in Hervey Bay 
and two in Moreton Bay (Table 1). Five apparently healthy dugongs (MB08688, MB09882, 
MB10043, MB10045, MB12372) that had IgG OD readings of 1.62 ± 0.21(range 1.35 to 1.9, i.e., 
within the apparent normal range) were identified with both leukocytosis and differential cell counts 
above the reported upper reference interval ranges (Table 1;  Woolford et al., 2015). Mild 
leukopenia and lymphopenia were observed in a further two apparently healthy dugongs with IgG 
OD values of 1.92 and 1.64 (Table 1) (Woolford et al., 2015). Total IgG levels for all of these 
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apparently compromised dugongs were within the normal range of distribution, suggesting that total 
plasma IgG cannot predict body condition.   
  Stepwise regression analysis, guided by a Principal Component Analysis, indicated that 
pregnancy status (p=0.016) and a Principal Component 2 (PC2; p=0.004) variable consisting of 
chronic stress (indicated by fGC levels), globulin and BMI were significant contributors to changes 
in IgG levels (Table 2; lower table).  The statistically significant variables of PC2 and pregnancy 
status had a combined multiple R2 value of 0.092, thus accounting for 9.2% of the variation in 
dugong IgG levels (Table 2; upper table).  The individual variables constituting PC2 did not show a 
significant correlation with plasma IgG levels (data not shown).  An analysis of relative IgG levels 
across the seven years of sampling (2008-2014) showed no significant differences (Fig. 4B).    
  
4. Discussion 
In this study, we have described the generation of a polyclonal anti-dugong Ig antibody and 
successfully utilized this reagent to analyze relative, total IgG levels in a wild population of 
dugongs.   Whilst the binding capacity of protein A/G columns to IgG is well understood in some 
domestic mammals (Buchwalow and Böcker, 2010), this is the first published study in which 
protein A/G chromatography has been applied to the purification of IgG antibody from dugong 
serum. SDS-PAGE separation of protein eluted from the Protein A/G column suggested dugong 
IgG had been isolated based on molecular weights (MW) (approx. 50 kDa and 25 kDa) that are 
consistent with the heavy and light chains of IgG from other mammalian species.   While dugong 
IgG may be the predominant immunoglobulin isolated, we cannot rule out that other antibody 
isotypes (e.g. IgM, IgA) or antibody-like molecules did not contaminate our preparation particularly 
since the range of immunoglobulin proteins present in dugong blood is virtually unknown.  We also 
took the precaution of removing anti-albumin antibodies from our mouse antiserum given that 
albumin is a known contaminant capable of binding to protein A/G (Sikkema, 1989).  
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 This wild population of dugongs showed variation in total plasma IgG levels, although most 
had substantive circulating blood levels. The majority of dugongs in this study were sampled at the 
beginning of winter when they are considered to be in the best body condition after a period of 
abundant seagrass (Burgess et al., 2013). Dugong stress levels and body condition are particularly 
influenced by seasonal changes (Burgess et al., 2013), a variable that we did not have an 
appropriate sample size to evaluate in relation to IgG levels in dugongs. 
Of the life history variables examined in this study, a combination of chronic stress (as 
indicated by fGC levels), globulin, body mass index (BMI), and pregnancy status may have 
accounted for 9.2 % of the variation in total IgG of dugongs. While these variables predict only a 
small proportion of the variance in dugongs’ total IgG levels, the results may be biologically 
relevant.  
Pregnancy status was the only categorical variable determined to be significant by the 
forward stepwise regression analysis. In contrast to non-pregnant dugongs, pregnant females had 
the highest BMI and the highest concentrations of IgG, but the lowest fGC concentrations. This 
inverse relationship between chronic stress and IgG suggests that an elevation in IgG may be 
occurring due to pregnancy-related factors rather than an immune response to infection. Pregnant 
females may be developing greater humoral immunity, which can occur with an increase in 
progesterone, causing differentiation of helper T-cells (TH1 to TH2), and ultimately promoting B-
cell antibody production (Druckmann and Druckmann, 2005). Whilst fGC concentrations have 
previously been observed to be highest in pregnant female dugongs (Burgess et al., 2013), 
elevations in stress hormones such as cortisol are dependent on the period of gestation (Davis and 
Sandman, 2010). We were not able to determine the gestational stage of each pregnant female or 
monitor for changes in IgG levels that may occur during pregnancy. In general, IgG concentrations 
increase as a result of pregnancy (Palmeira et al., 2012). Dugongs, like manatees, have 
endotheliochorial placentation (Carter et al., 2004; Carter and Enders, 2004). The increase in 
maternal IgG supports the transfer of humoral immune protection to the developing fetus (Palmeira 
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et al., 2012) and inhibits Th1 mediated allograft (placenta) rejection (Druckmann and Druckmann, 
2005).  
Measurement of fGC levels can be an indicator of chronic stress in dugongs (Burgess et al., 
2013). Of the variables examined here, fGC showed the strongest positive trend (but not statistically 
significant) with increasing IgG concentrations (data not shown). Whether the increase in IgG and 
fGC concentrations are due to an increased incidence of infection, particularly in non-pregnant 
dugongs, is not known. However, high fGC levels have been associated with dugongs in poor body 
condition (Burgess et al., 2013). In this study, dugongs in poor to fair body condition did not exhibit 
white blood cell profiles indicative of infection or relative levels of total IgG that were significantly 
different from apparently healthy dugongs. The increase in IgG levels associated with chronic stress 
may be symptomatic of other maladies, which have yet to be detected.  In addition, pathogen-
specific antibody levels, rather than total IgG levels, may be more relevant as an indicator of 
infection status.   
Globulin levels in this study showed an increasing trend with total IgG levels in dugongs as 
expected (data not shown), given that globulin consists of over 1000 different proteins including 
immunoglobulins (Stockham and Scott, 2008a).  Globulin levels tend to increase in relation to 
increasing IgG while declining as a result of malnutrition (Busher, 1990). IgG contributes up to 80 
% of the gamma globulin fraction (Taylor, 2001). 
This study did not detect differences in IgG between the size classes of sub-adults and 
adults. This is not unexpected as in humans, by 6-8 years of age, IgG levels are similar to those in 
adults (Aksu et al., 2006). This phenomenon also occurs at a similar early life stage in other 
mammalian species including sheep and goats (Rodinova et al., 2008), horses (Erhard et al., 2001), 
seals (King et al., 1994), sea otters and killer whales (Taylor et al., 2002). IgG in newborns is 
initially boosted by maternal transfer, and declines after the first year when endogenous production 
of IgG begins (Aksu et al., 2006; Chen et al., 2012). In manatees, calves have shown significantly 
lower IgG levels compared to adults (McGee, 2012). Lone dugong calves are vulnerable to tusking 
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related injuries from aggressive adults, and high chronic stress levels (Burgess et al., 2013) and may 
have dissimilar IgG levels to adults. Future evaluation of IgG levels in dugong calves may provide 
information pertaining to survivability, as has been shown in grey seal pups (Hall et al., 2002).  
Dugongs in poor to fair body condition in this study had normal leukocyte counts and IgG 
levels. Their outward signs of illness were associated with health issues unrelated to the aspects of 
the total IgG levels measured in this study. Apparently healthy dugongs with abnormal leukocyte 
concentrations did not show obvious signs of illness. Dugongs may be experiencing health effects 
which are sub-clinical in nature and also not detectable by our current methods of health 
assessment. The lack of an association between leukocyte count and IgG level may be due to the 
limited range of apparently sick dugongs observed in this population within the course of this study.  
In future studies, it will be important to identify dugongs with confirmed illness (e.g., viral 
infections) such that the relationship between infection and total IgG levels can be thoroughly 
interrogated.  Additional methods exist for the detection of an immune response to disease such as 
serum protein electrophoresis to identify protein patterns in blood serum (Stockham and Scott, 
2008a). Non-specific inflammation and occult disease may be identified utilizing the protein serum 
amyloid-A as has been demonstrated in manatees (Harr et al., 2008, 2011).  As with measuring IgG, 
reliable techniques using these other health and immune biomarkers must be developed for the 
dugong.  
There were no significant differences detected in total IgG levels over the various years of 
our study. However, in 2012, the year after the severe coastal flood, eight dugongs had mean IgG 
levels that was slightly higher than in other years. The assessment of total IgG levels post-flood 
would have benefited from an increase in sample size in 2012, improving the overall strength of the 
yearly comparison. Whilst yearly relative total IgG levels were not statistically significant, the 
effects of the flood period should still be considered as a potential stressor affecting IgG levels. 
Increases in heavy metal exposure in dugongs of south-east Queensland following the floods 
(Lanyon et al., 2011) indicates that in addition to the threat of malnutrition from degradation of 
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seagrass, dugongs may have had greater exposure to pollutants and terrestrial pathogens at that 
time, potentially elevating their total IgG levels as part of an immune response.  
In conclusion, this study has developed the first polyclonal mouse anti-dugong 
immunoglobulin antibody (Ab) with evidence for primary affinity to dugong immunoglobulin G 
(IgG). This study has also provided the first measurement of relative plasma IgG levels in dugongs 
and revealed relationships with pregnancy status along with globulins, BMI and chronic stress 
levels.  There was no apparent correlation between relative, total IgG levels and dugong body 
condition although the infection status of these dugongs was not assessed.  Environmental stressors 
occur seasonally for Moreton Bay dugongs, with significant seasonal differences in chronic stress 
and body condition (Burgess et al., 2013). Future measurement of IgG levels in relation to season 
may yield more significant results for life history and health related parameters.  In addition, the 
development of an anti-dugong Ig antibody will allow future measurement of pathogen-specific IgG 
levels within dugongs as an indication of pathogen exposure and infection history.  Continued 
monitoring of total IgG levels and pathogen-specific IgG will improve our understanding of health-
related changes occurring within a wild dugong population over time.  
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Table 1. IgG levels of Hervey Bay (HB) and Moreton Bay (MB) dugongs in poor to fair body 
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ID code Sex Length 
(cm) 
IgG 
(OD 
Relative) 
fGC 
(ng/g) 
WBC 
(109/L) 
Heterophil  
(109/L) 
Lymphocyte 
(109/L) 
Eosin  
(109/L) 
 
Dugongs in compromised (poor to fair) body condition with normal leukocyte differentials  
HB11074D M 199 1.75 44.43 5.2 1.9 1.9 F 0.9 
HB11075 F 249 0.59 25.55 4.8 1.9 2.1 F 0.6 
HB11076 F 261 1.76 30.92 4.7 1.6 1.6 1.3 
MB11114 F 290 0.83 31.04 3.5 1.2 1.6 0.5 
MB11122 F 266 1.5 15.69 3.5 1.4 1.1 0.6 
MB14559 F 283 1.18 22.33 5.9 4.5 1 0* 
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Apparently healthy dugongs with higher than normal leukocyte differentials 
MB08688 F 255 1.73 19.21 9.7* 1.4 5.7*F 1.9 
MB09882 F 257 1.90 42.48 9.5* 1.6 1.7 5.2* 
MB10043 M 246 1.35 44.6 16.5* 3.8* 5.8* 6.6* 
MB10045 M 222.5 1.55 46.94 9.6* 2.9 3.7 2.7* 
MB12372 F 209 1.57 16.66 9.3* 3.3* 3.7M 1.3 
 
Apparently healthy dugongs with lower than normal leukocyte differentials 
MB10059 F 284.5 1.64 41.06 2.7 1.5 0.4* 0.7 
MB11121P F 294 1.92 27.59 2.1* 0.9 0.7 0.4 
fGC (faecal glucocorticoid) levels and counts of each of white blood cells (WBC), heterophils, 
lymphocytes and eosinophils are shown. D = Health assessment of dugongs conducted on 6-7-2011 
in Burrum Heads, HB; its badly decomposed carcass was subsequently recovered from Coral Cove, 
100 km north of HB on 2-8-2011, cause of death probably starvation. *Cell count is above or below 
the normal upper reference interval. M=Many activated lymphocytes. F=Few activated lymphocytes 
P=Pregnant 
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Table 2. Stepwise forward regression for the dependent variable dugong total IgG. 
  
Details of the forward regression model 
Variable Step 
Multiple 
R 
Multiple 
R2 R2 change 
F to 
enter p 
Pregnancy 
Status  
1 0.191 0.036 0.036 3.919 0.050 
PC2 2 0.303 0.092 0.055 6.282 0.014 
PC3 3 0.334 0.111 0.020 2.251 0.137 
Year 4 0.349 0.122 0.010 1.183 0.279 
Body Condition 5 0.363 0.132 0.010 1.205 0.275 
The variables in Principal Component 1 (PC1), sex, size and location did not meet the F  
to-enter cutoff value of 1. 
 
Stepwise forward regression model summary 
Variable b* b* std.err. b b std.err. t (100) p 
Intercept     -136.9 77.08 -1.777 0.079 
Pregnancy 
Status  
0.250 0.102 0.218 0.089 2.448 0.016 
PC2 -0.327 0.111 -0.181 0.061 -2.953 0.004 
PC3 -0.174 0.102 -0.096 0.056 -1.703 0.092 
Year 0.147 0.117 0.044 0.035 1.264 0.209 
Body 
Condition 
0.108 0.098 0.257 0.234 1.098 0.275 
b* = the standardized coefficient. b = the unstandardized coefficient. 
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Figure legends 
 
Figure 1 Anti-dugong IgG mouse serum recognizes proteins consistent with heavy and light 
chains of dugong Ig.  (A) Coomassie blue staining of proteins recovered from the Protein A/G 
affinity purification of IgG from dugong serum after separation by SDS PAGE.  Protein ladder = 
the distribution of molecular weight markers, Serum = untreated dugong serum (10µL/lane of 1/10 
dilution), Unbound serum fraction = serum that passed through the protein A/G column without an 
IgG elution buffer (10µL/lane), Fractions 1-3 = ordered eluted fractions of IgG from the protein 
A/G column (10µL/lane). (B) Western Blot of two samples of dugong serums (MB13467, 
MB11125) and mouse IgG before (left panel) and after (right panel) the anti-dugong Ab serum was 
treated by albumin affinity chromatography. Using the mouse-anti-dugong IgG Ab serum prior to 
treatment with a dugong albumin column, dugong albumin is detected at 70 kDA (left panel). IgG 
heavy and light chain bands are detected at 55 kDA and 30 kDA as demonstrated by the positive 
control consisting of electrophoresed mouse serum reacted with goat anti-mouse IgG Ab.  
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Figure 2.  The anti-dugong IgG antibody is specific for dugong serum.  Purified antibodies from 
different mammalian species (0.25µg/well), ovalbumin or no protein was coated  on ELISA plates 
and reacted with or without the anti-dugong Ig antibody (1° antibody at 10-3 dilution) followed by 
detection with goat anti-mouse IgG HRP conjugated antibody (2° antibody at 0.025µg/well).  
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Figure 3. Determining the optimal concentration of anti-dugong Ab and plasma for ELISA 
analysis.  (A) Three serial dilutions of anti-dugong IgG Ab serum (10-2 to 10-4) were tested 
against dugong serum (Dugong ID# MB10056) dilutions (10-2 to 10-5) coated on the plate in 
ELISA. (B) Plasma from three wild dugongs (MB08686, MB10058, MB13463) was diluted (10-2 
to 10-13) and coated onto the wells of an ELISA plate. Anti-dugong IgG Ab serum (1:800 disution) 
followed by goat anti-mouse IgG HRP was used to detect dugong Ig.  
 
 
Figure 4. Relative levels of dugong Ig detected in plasma are contributed to by multiple 
parameters and do not change significantly over the period of sampling.  (A) Frequency 
distribution of plasma IgG OD values from 116 wild dugongs with a fitted distribution, reference 
limits and 90% confidence interval indicated. Dugong plasma was coated on ELISA wells at a 10-5 
serum dilution and probed with mouse anti-dugong Ig antibody at 1/800 dilution.  (B) Total IgG 
levels from n =116 wild dugongs grouped by year. ANOVA found no significant difference in 
antibody level between the years (p = 0.78).  
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